We design and experimentally demonstrate silicon-based topological valley-Hall photonic crystals, that are compatible with current semiconductor technologies and operate at near-infrared frequencies. Robust and reflection-less light propagation around sharp turns is demonstrated both theoretically and experimentally. This work is an important step towards integrated topological photonics.
Introduction
Topological insulators are materials that conduct on the surface and insulate in their interior, while having non-trivial topological order. Remarkably, the edge states on the surface between topological and conventional materials are topologically protected from scattering on structural defects and disorders, and allow robust light propagation around sharp turns without backscattering. It is highly desirable to realize this type of photonic crystals with technologies compatible with existing silicon photonics techniques and operate at telecommunication wavelengths [1] [2] [3] [4] .
Results
We have designed and experimentally demonstrated a silicon-based topological valley-Hall photonic crystal operating at telecommunication frequencies. We propose a honeycomb photonic crystal lattice consisting of two triangular air holes, as shown in Fig. 1(a) . For equal hole sizes, the dispersion curves exhibit a Dirac cone at the K point in the reciprocal space. Introducing asymmetry between the two triangles opens up a non-trivial band gap, see Fig. 1 (a). To confirm the topological nature of the structure, we have verified that the valley-Hall Chern number C K/K v = ±1, and simulated light propagation along a trapezoidally shaped interface between two regions with different polarities having flipped orientations of the small and large triangles, see caption on Fig. 1(b) . Reflection-less propagation along the desired path is demonstrated with unitary transmittance in the band-gap region (see Fig. 1(b) ). A typical energy density distribution is shown on Fig. 1(c) .
In the experiment, three different types of samples were measured: (i) the sample with only one polarity of the crystal (no-edge), see Fig. 2(d) ; (ii) the sample with a straight interface between the crystal with opposite polarities, Fig. 2(e) ; (iii) the sample with trapezoidally shaped interface, Fig. 2(f) . Simulated and measured transmittances are shown in Fig. 2(a-b) . For the crystal with no edge, there is a region with low transmittance, revealing the presence of photonic band gap. In contrast, for the samples with straight and trapezoidal interfaces the transmittances are high in this region and close to each other, proving the existence of the edge states and confirming reflection-less energy transport through the sharp turns for our topological photonic crystal. 
Summary
We have designed a silicon-based photonic crystal slab that exhibit valley-Hall effect at telecommunication wavelengths. To the best of our knowledge, this is the first experimental demonstration of a valley-Hall topologically protected transport in photonic-crystal-based structures at the telecommunication regime.
